Estimates of additive direct heritability ( h: ) for traits such as litter size may be biased by maternal effects. The size of these effects was estimated using a derivative-free restricted maximum likelihood procedure under an animal model. First-parity records from Yorkshire (Y) (4) were estimated for total numbers born (NOBN), born alive (NOBA) and weaned (NOWN).
in numerous ways, maternal effects indicate that the dam has an influence on the performance of her offspring over and above that of her direct additive genetic contribution. The maternal effect of a sow is a function of both her genotype and environment, the additive genetic part being inherited from both her sire and dam. Therefore, genotypic differences among dams are expressed as phenotypic differences of their offspring when they become dams, i.e., the additive maternal effect is expressed one generation later than the additive direct effect (Eisen, 1967; Willham, 1972; Einarsson, 1981) .
Several approaches have been used to estimate maternal effects. One has been to &fhe the expectations of covariances among a set of relatives to obtain direct estimates of the variance components (Ahlschwede and Robison, 1971b; Cantet el al., 1988) . Willham (1972) outlined a genetic expression describing these biometrical relationships with direct and maternal effects acting on the expression of a trait. The contribution of dams several generations back in the pedigree also may be important. This approach has been well described by Eisen (1967) and theoretically can give good estimates of many of the genetic and environmental components in well-designed experiments. However, this approach is not well-suited to field data because certain relationships may not be present and components may be confounded. Cross-fostering can separate prenatal and postnatal genetic effects and provide an estimate of the genetic covariance between additive direct and additive maternal genetic effects (El Oksh et al., 1%7; Ah- lschwede and Robison, 1971a) . Again, this procedure is only suited to experimental data. A third method, which has been used on field data, involves the estimation of sire, dam and maternal grandsire variances by mixed model methodology and equating these to their genetic expectations (Bertrand and Benyshek, 1987 Analysis. Meyer (1988a) described a derivative-free approach for estimating variance components by restricted maximum likelihood (DFREML) for a single trait model including the animal's additive direct genetic effect, as well as other random effects. These could include additive maternal genetic effects and the genetic covariance between additive direct and maternal effects. Although information on the maternal effects are available only for dams, information for other animals is acquired indirectly through links from the genetic covariance and relationships. The mixed model describing the records for each animal was y = X b + Z a + P m + e where y is a vector of records on gilts, b is a vector of fixed effects, a is a vector of additive direct genetic effects, m is a vector of additive maternal genetic effects, e is a vector of residual effects and X, Z and P are design matrices relating records to the appropriate fixed or random effects. The only columns of P that contain a 1 correspond to dams with a litter record on their daughters. Evaluations can be obtained with this animal model for animals without a record, such as sires (Quass and Pollak, 1980). It is assumed that EO) = Xb and the expectations of the random effects are zero. The variancecovariance matrix of the random effects is:
where A is the numerator relationship matrix.
The data were analyzed within breed group due to the size of the data and complexity of the model. Fixed effects were the same for each trait. These were herd-year of farrowing of the gilt, two Seasons of farrowing (OctoberMarch, Apnl-September), three subclasses for the size of the litter the gilt was born in (1 to 8, 9 to 12, 213), four subclasses for parity of the litter the gilt was born in (1, 2, 3 to 5, 26), two subclasses for number of inseminations per heat of conception (1, 22) and a linear regression on the age at farrowing of the gilt. The relationship between litter sizes of the dam and offspring is not linear (Revelle and Robison, 1973; Vangen, 1980) . Subclasses for litter size and parity of the dam (Clark and Leman, 1986) were based on these reports and preliminary analyses of these data by least SqUareS. We assumed that the sire of the litter had no significant effect on litter size traits. The amount of variation accounted for by this effect is expected to be small and dependent on whether service was natural or by AI (Legault, 1970) . This information was not available from the data. We also assumed that individuals without records were not inbred. This seems reasonable because levels of inbreeding in the Quebec swine population are low and average about 1.2% in Yorkshire and 1.4% in Landrace @ion and Minvielle, 1988).
Variance components were estimated by the DFREML procedure under an animal model (Meyer, 1988a,b) . This method had the advantage that all three variances and the additive direct by maternal covariance could be estimated simultaneously. One disadvantage was that, due to the number of equations and structure of the data, computations were timeconsuming and estimates were slow to converge. The number of equations involved is shown in Approximate standard errors of the variances were estimated using the method of Smith and Graser (1986) . Q was estimated such that
is the log likelihood evaluated at cr, Q is a symmetric matrix and Q, qo and q1 (a column vector) are unknown. The quadratic was estimated using the likelihood 2 2 There was a gradual increase in litter size over the 10 yr of the study (Figure 1) . The phenotypic regression of litter size on year of farrowing was significant (P < .001) for all breed groups except the Y x Y group and overall averaged an increase of .071, .048 and .072 piglets per litter per year for NOBN, NOBA and NOWN, respectively. Genetic variances and covariances estimated for litter size are given in Table 4 . Cantet et al., 1988) . and sheep (Wewala et al., 1986) , and non-retum rate, conception rate and days open in early parities of dahy cattle (Jansen, 1986) . The estimates of additive direct and maternal variances and covariances reported in this study for the Yorkshire purebred and the two crossbred groups agree with these observations. The higher additive direct variance for the Landrace purebred group for NOBN and NOBA cannot be explained easily. A deficiency of some family types, such as maternal half-sibs, may have led to confounding of parameters. However, the data structures, in terms of number and type of family groups, were almost identical for both purebred groups. There has been immigration of Landrace from outside Quebec, not only from other provinces in Canada but also from Europe @ion, 1989), and an increase in genetic variance might be expected in all three traits. Also, imported gilts likely would have been bred pure rather than mated to a boar of a different breed; this may explain why similar estimates of 4 were not obtained for cmssbred litters. Genetic variance was large for additive direct effects for NOBN and NOBA together with a large negative correlation between the direct and maternal genetic effects in purebred Landrace. Excluding maternal effects for these data led to a significant underestimation of h,".
The additive maternal variance may give an approximation of prenatal (NOBN) and postnatal ( N O W effects, the latter including mothering ability. However, NOWN may be biased by animals adopted or transferred among dams, which averaged about .44 pigletsfitter in these data. About half the deaths between birth and weaning may be athibutable to mothering ability, such as starvation or crushing of piglets (England, 1974; Hughes and Varley, 1980) , which could have a genetic component. Therefore, the additive maternal effect could have an important role in selection for numbers of pigs weaned per gilt, assuming that husbandry practices optimize survival. Maternal genetic effects also could affect numbers born and born alive. These may act through nutrients transferred through the uterus and egg quality, but the estimate of .", is not expected to contain cytoplasmic effects (Southwood et al., 1989) .
The large negative covariance between direct and maternal genetic effects indicates that improvements in one effect will lead to reductions in the second. This correlation increased between birth and weaning in the Yorkshire but remained high for aLl measures in the Landrace. However, standard errors of the estimates also were large. Riska et al. (1985) suggested that there is a higher correlation between direct and maternal effects at later stages of growth. They also suggested that changes in om were more likely to be affected by changes in direct rather than in maternal effect as a result of the pattern of change in direct effects. This relationship was not clear from the results presented in this paper. The effect these estimates of variance and covariance have on expected response to selection for sow productivity requires further examination. For example, it would be interesting to examine whether improved rates of response can be achieved by selection on both direct and maternal breeding value rather than on direct breeding value alone. This would be of importance particularly in a dam line in which increased selection pressure is placed on reproductive traits.
Anulysis. This analysis did not take into account common environmental effects or sire of insemination effects. Full-sib size in these data was small, averaging between 1.2 to 1.5 sibs, with over 73% of the data consisting of single gilt families. Common environmental effects therefore were assumed to be unimportant. There are no reliable estimates of common environmental effects for litter size in swine, because these estimates usually are confounded with maternal genetic and dominance effects (e.g., Johansson and Kennedy, 1985) . Variance components may be biased due to unaccounted environmental covarimces. The error effects contributing to the phenotype of individuals then would not be independent (Shaw, 1987) . Sire of insemination effects are likely to account for little of the variation in litter size (Brien, 1986) because the majority of the sire effect depends on the type of service, natural or AI. If optimal insemination proce dures are carried out, little difference in mean litter size is expected. However, if there is an effect of natural service vs AI, the error again may be inflated. Use of AI was very low in our population.
taneous estimation of direct and maternal variances, there were limitations on the size of the data due to convergence time and array sizes. The models used required between 60 and 100 iterations to reach the specified convergence criterion. Also, due to the nature of the algorithm, several rounds of likelihood evaluation may occur before there is a change in the variance component estimate. Therefore it is important that a low convergence criterion be used to ensure that the maximum is found.
Although the procedure used allows simullmpilcatlons An individual animal model can be used to estimate direct and maternal genetic variances and their covariances for litter size from field data. Estimates of those effects are required to develop efficient selection programs for sow productivity traits. Direct additive genetic variance for litter size was sufficiently large to indicate that selection for improved litter size using an animal model that makes use of all genetic relationships in the data would be successful.
